This article is the result of previous studies to clarify the seismicity of the White sea, supplemented by similar studies on the continental part of the Republic of Karelia. The relocated catalog of earthquakes was created for the period from 2005 to 2016 for White Sea and the Karelian region. With the help of proven methods, the parameters of the epicenters of identified earthquakes were relocated and a map of current seismicity was obtained. The parameters of the epicenters were specified using BARENTS travel-time model, a single methodological approach (using Generalized beamforming) and all currently available source data and bulletins of Russian and foreign seismic stations. The obtained seismic catalog allowed us to identify the main patterns of the distribution of current seismicity in the White Sea region. Seismicity of the White sea and the Karelian region is characterized as low-magnitude (generally of low magnitude with ML<2.0). Most earthquakes in the White Sea are characterized by a focal depths up to 20 km. Analysis of catalog shows that the majority of earthquakes are concentrated in the north-western part of the defined area, in the continental part of Karelia and Kandalaksha graben. Some earthquakes were recorded in the eastern and central part of the White sea.
Introduction
The White Sea area, which includes the White Sea water area and surrounding areas of the Republic of Karelia, is one of the most fragmented, movable and active regions throughout the entire Eastern European platform. Distinct tracks of paleoearthquakes were encountered in all major parts of the White Sea region in the Kandalaksha, Dvina, and Onega bays, as well as in the Gorlo Belogo Morya area (Nikonov and Shvarev 2013) .
The data for the historical and instrumental period of observation indicate an increased seismic activity in the western part of the region, especially in the Kandalaksha graben area, the main active structure of the White Sea (Nikonov 2004; Assinovskaya 2004 ). The particular interest are present adjacent plots, which are located responsible objects and conducting active mining operations. With the development of seismic networks in the Karelia region (Sharov et al. 2007) , in the Murmansk and Arkhangelsk regions (Yudakhin and Frantsuzova 2006) in the 1990s and 2000s, the area of the White Sea has been the highest density of seismometric observations since 2004. In addition, events from the considered region are recorded by stations in Finland, Sweden and Norway and data about them contained in the catalogs of foreign seismological services.
However, no common data processing of available seismic data has been carried out yet. Thus, the most important problem was the joint processing of all available seismological data using a unified velocity model and calculation algorithm. It allows to determine the parameters of earthquake hypocenters based on seismic stations located in wide azimuth and epicentre ranges, and to obtain high precision of earthquake hypocenter location. In addition, some studies have already been successfully carried out on parts of the White Sea (Morozov et al. 2019) and are now supplemented by data from the western part of the White Sea -the territory of the Karelia Republic, which is also characterized by seismicity (Sharov et al. 2007) . The boundaries of the study area are shown in Fig. 1 .
Materials and methods
The receipt of the specified catalog was completed in several phases.
phase
Based on data from the Institute of Seismology of the University of Helsinki (Finland) (Institute of 
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Seismology), the preliminary catalog of the earthquake in the area of the White Sea during the period from 2005 to 2016 was compiled. The advantage of the catalog (Institute of Seismology) is not only the presence of low-magnitude events, but also a note about the expected nature of the event (earthquake or explosion) that in the first stage enabled the exclusion of career blasts from bulletin creation. Event selection was performed within the range of the considered area (Fig. 1) . During 2005-2016 period in the preliminary catalog, 66 earthquakes with magnitude ML (HE) values of 0.4 to 2.4 were selected. In addition, only three earthquakes have a value greater than 2.0. This again confirms the views and opinions of modern researchers on the predominantly weak regional seismicity (Sharov et al. 2007; Assinovskaya 2004 ).
phase
For each earthquake from the preliminary catalog, a summary bulletin was compiled with the times of seismic phases
Bulletins were compiled based on data from following seismic stations of several networks: Should be noted that data from domestic stations (seismic networks AH, KOGSR, OBGSR and RAS) have been supplemented for 34 events from the preliminary catalog. The location of the seismic stations data of which appear in the bulletins and will be taken in further processing is shown in Fig. 1 .
Since open pit mining operations are actively conducted in considered region, further studies have been carried out to determine the nature of the events from the preliminary catalog. All events were verified by the recognition criteria (Asming and Kremenetskaya 2002) , developed at the Kola branch of FITS EGS RAS. As a result, 3 events identified as explosions were excluded from the list. The completed catalog with predetermined hypocenters contains 63 earthquakes.
The redefinition of hypocenter parameters based on summary bulletin was carried out by using the Generalized beamforming method (Ringdal and Kvaerna 1989) in an improved form implemented in the NAS program (Asming et al. 2017; . The algorithm for calculating hypocenters is described in details according to (Morozov et al. 2019) .
Previous studies have shown (Morozov et al. 2019 ) that using the advanced algorithm implemented in the NAS program in conjunction with the rapid BAR-ENTS model provides relatively accurate hypocenter parameters and allows the use of this technique to recalculate all subsequent earthquakes in the White Sea region. The resulting redefinition of hypocentres does not differ fundamentally from the catalog of the Institute of Seismology in Helsinki, despite the extensive use of other additional data.
Results
The main results of the study consist in creation of an updated catalog and mapping of a modern seismicity according to the Table 1 and Fig. 2 . Map analysis fig. 2 shows that the majority of earthquakes are concentrated in the north-western part of the defined area, in the continental part of Karelia region. The modern seismicity of the White Sea is reflected in the form of a small magnitude. The distribution of the epicenters of recorded earthquakes fully corresponds to the regularities previously revealed in the studies (Assinovskaya 2004; Nikonov and Shvarev 2013) , namely, increased seismic activity in the western part of the basin and weak seismic activity in the eastern and central parts (Fig. 2) .
Discussion
According to fig.2 in the eastern part of the region two earthquakes were recorded in the White-Sea-Dvina area in 2005 and 2013 years where is also an earthquake in the Gorlo Strait area in 2006 year. All earthquakes have a magnitude value of ML (HE) above 2.0, which distinguishes them from other earthquakes. The earthquake of 2005, viewed alongside the earthquake information of 1847 and 1935, as well as the earthquake in 1970 and 1975 (Nikonov 2013 . may indicate seismic activity in the White Sea-Dvina region. The epicenter of the earthquake in 2013 ( fig. 2) is timed to the fault limiting Arkhangelsk scarp and the Onega-Kandalaksha ancient rift. The focal mechanism of this earthquake calculated in study (Morozov et al. 2016 ) is fully in line with the conclusions of L.A. Sim (Sim et al. 2011 ) on regional submeridional compression and sublatitudinal tension characteristic of the eastern part of the Baltic shield.
The epicenter of the 2006 earthquake in the Gorlo Strait ( fig. 2) almost coincides with the epicentre of the historic earthquake of 1912 (Nikonov 2000) . In the central part of the White Sea region weak earthquakes over the past ten years are not recorded, as well as for the entire instrumental observation period (Assinovskaya 2004) .
The obtained depth values indicate the presence of crustal earthquakes, and in the classification of seismic events by depth refers to a small-focus ones. Most earthquakes in the White Sea are characterized by a focal depths up to 20 km. For three earthquakes, the epicenters of which are located directly in the waters of the White Sea, and six earthquakes in Karelia, the depths are over 20 km. Earthquakes with a depth of more than 20 km were also recorded in the Arkhangelsk region in 2013.
In the western part of the White Sea region (Fig.  3) , most epicenters of small events (22 events) during period 2005-2016 are located outside Kandalaksha graben, but on land to the west and south-west of it, with hypocenters are located at a depth of 5 up to 20 km., respectively. When comparing the epicenter location of the earthquake processed with the map of neotectonic and young morphostructures of Kandalaksha Gulf and its surroundings (first made based on a digital topographic model (Shvarev et al. 2015) several remarkable correlations can be found (Fig. 3) . In the Gulf area, i.e. the Kandalaksha graben itself, especially on its south-west shore, only four events were recorded. The hypocenters were crustal at great distances each other. Their epicenters lie on longitudinal lines running in the direction of the North-West to South-East along the main boundary of the graben.
Conclusion
The results obtained in this article deepen our knowledge about the development of modern seismicity in the White Sea region. The use of a single speed model, a unified methodological approach and all currently available source data and bulletins of Russian and foreign seismic stations made it possible to determine earthquake parameters with the highest confidence.
The results presented in this article confirm the presence of seismicity (generally of low magnitude with ML<2.0) in the areas adjacent to the White Sea. This fact should be taken into account when carrying out the seismic monitoring of the region. The resulting updated catalog consist in essential part of the work carried out to clarify the current seismicity of the entire North of the Eastern European platform and should be included in a single seismic catalog of Eastern European platform, combining earthquakes both in historical and instrumental periods.
